The sinking of dense mantle lithosphere farther into the mantle is an often invoked but still poorly understood process in continental development. Such events have been inferred to cause uplift and extensional deformation in areas around the world and back billions of years. Samples of garnet-rich mantle lithosphere from under the Sierra Nevada were brought up in basaltic eruptions from before 80 million years ago to approximately 8 million years ago but are absent from volcanics after about 3.5 million years ago [Ducea and Saleeby, 1998 ]. Granitic batholiths like the Sierra Nevada evolve from more quartz poor melts and thus have roots of mafic (quartz-poor) residuum that remain under the batholith. This residuum, metamorphosed to a dense garnet-rich rock, apparently sinks together with part of the mantle lithosphere below it at one or more locations beneath the Great Valley.
Understanding the process of lithospheric sinking, termed foundering, is the focus for the ongoing Sierra Nevada EarthScope Project (SNEP) FlexArray in eastern California. Foundering efficiently differentiates quartzrich upper crust from its mafic residuum and may be responsible for producing the bulk composition of continental crust. It is therefore important in understanding the chemical evolution of the Earth. The FlexArray is a configurable seismograph component of EarthScope's USArray (http://www. earthscope.org/usarray), which is deployed in regions of tectonic interest as identified through peer-reviewed proposals. This article discusses early results from SNEP and highlights areas of future research.
Surveying the Southern Sierra Nevada
Once detached from the overlying batholith, the sinking of dense eclogitic material (rocks rich in garnet and pyroxene) from under the Sierra Nevada has been proposed to explain the rise of the southern Sierra within the past 10 million years, extension along the eastern Sierra, subsidence of the western foothills, and post-3-million-year-ago volcanism. Important questions remain regarding this event: Is the entire Sierra Nevada in some stage of losing the deep mafic residuum, or is lithospheric foundering confined to just the southern Sierra? If sinking extended beyond the southern Sierra, was foundering synchronous through the entire range, or is it a time-transgressive feature evolving from south to north? Does the lithosphere peel away like old paint and delaminate, or does it drip off similar to wet paint on a ceiling as a convective instability?
The relative youth of the foundering event makes the Sierra Nevada an ideal region to investigate these questions because processes and structures associated with the event remain observable and lack subsequent overprinting. Answers to these questions will help to identify the geologic features that accompany lithospheric foundering and provide a context to determine the conditions that make removal possible.
To answer these questions, we deployed seismometers from the FlexArray to sample more densely than the nominal 70-kilometer spacing of the Transportable Array component of USArray. The SNEP FlexArray is a 30-month deployment of broadband seismometers at more than 80 locations embedded within the initial footprint of the USArray Transportable Array. The SNEP deployment began in the spring of 2005 and consists of two approximately 15-month deployments, tied together by the fixed stations of the Transportable Array throughout the region (Figure 1 ). Combining data from SNEP, the Transportable Array, and past deployments in the region, we are investigating eastern California over a region that extends 230 kilometers in the northeast-southwest direction and 300 kilometers in the northwest-southeast direction, with regular sampling approximately every 25 kilometers. Although the SNEP array is still deployed and collecting data, the initial data are already providing new insights into the structure of the Sierran lithosphere.
Previous work in the southern Sierra demonstrated that contrary to expectations of thick crust supporting regions of high elevations, thin crust has been found to underlie the High Sierra [e.g., Jones et al., 1994; Fliedner et al., 1996; Ruppert et al., 1998 ]. Zandt et al. [2004] showed that the seismic contrast across the crust-mantle boundary appears to be greatly diminished in the southwestern foothills compared with that found elsewhere in the southern Sierra. These observations imply that significant changes in either the lithology or deformational history exist across the Sierra that may represent a key signature of the foundering process. SNEP extends the search for such evidence throughout the Sierra Nevada.
Seismic Observations
A cross section of stacked receiver functions from the first phase of the SNEP study area clearly illustrates many of the largescale changes in lithospheric structure observed across the central Sierra Nevada. Receiver function arrivals mark sharp contrasts, or discontinuities, in densities and seismic wave speeds in the vicinity of seismic stations. They are widely used to study the Moho (Mohorovi i discontinuity), which marks the crust-mantle boundary. By stacking receiver functions into geographic bins [e.g., Zandt et al., 2004] , the lateral extent of features can be identified in images similar to seismic reflection migrations (Figure 2) .
General westward increases in crustal thickness follow the pattern previously identified in the southern Sierra. The crust gradually thickens from just greater than 35 kilometers in the westernmost Basin and Range and Sierran crest to almost 40 kilometers in the western foothills (Figure 2 ). On the basis of observations of lower crustal anisotropy, the large-amplitude Moho signal has been interpreted to mark a shear zone where the lower, denser part of the batholith has been removed and low-wave-speed granitic rocks are juxtaposed with mantle that has replaced foundered material. The east-towest crustal thickening is accompanied by the amplitude of the Moho arrivals of the central Sierra diminishing, indicating a smaller, or more gradual, contrast at the base of the crust (Figure 2) . [Zandt et al., 2004] . The sharp Moho arrival of the southern Sierra may mark the strong contrast between the crust and asthenosphere that replaces the foundered lithosphere. Differently, much of the western portion of the central Sierra lacks a Moho arrival ( Figure  1 ). The gradual transition in seismic properties as felsic (quartz-rich) crust grades into the still intact root of residuum could be responsible for the smaller Moho arrival along the western foothills of the central Sierra.
Results to date appear consistent with the mafic residuum and mantle lithosphere detaching from the upper crust from east to west, at least in the southern Sierra. The central Sierra may represent an earlier stage of lithospheric foundering where the top portion of the mafic residuum remains connected to the western portion of the overlying batholith (Figure 2) . The larger area characterized by a weak Moho in the west would then correspond to the region of active foundering.
Initial analysis of SNEP P wave delays show an azimuthally dependent pattern of early arrivals along the southwestern Sierran foothills that is not present farther east, which is characterized by consistently late arrivals [Thomas et al., 2005] . Shear wave anisotropy is stronger in the eastern Sierra Nevada than in the west Frassetto et al., 2006] . These asymmetric observations may result from upwelling asthenosphere beneath the eastern Sierra into the zone once occupied by the foundering residuum, which now only remains connected to the overlying batholith along its western margin and dips to the east. The tectonic significance of the south-to-north changes in crustal structure and asymmetric Moho signal in the central Sierra will Fig. 1 . become clearer as results from the length of the SNEP array become available. 
